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Options for hazardous waste management in JABOTABEK, 
Indonesia are the following: (1) building a central
treatment, storage and disposal facility in JABOTABEK;
(2) maintaining the status quo; and (3) providing for 
central hazardous wastes storage in Jakarta and Bogor. The 
third alternative is not evaluated in this study because 
it is only a short-term solution.
This study analyzes the costs and benefits as­
sociated with each of the two alternatives. Benefits are 
based on health issues, the impact of drinking water con­
taminants on human health. Other issues analyzed are 
the treatment processes and maintenance and operational 
costs of the potable water treatment plant.
Six rivers supply drinking water to the 
JABOTABEK region. This study is limited to the Cipinang 
and Sunter rivers, which are the Pulogadung potable water 
treatment plant water suppliers. These rivers receive 
discharges from 476 industries. It is reasonable to 
assume that their wastes contaminate the drinking water 
supply.
By assessing the secondary data on the types of 
industries that discharge wastes into the river and based 
on the risk assessment study of contaminants in drinking
iii
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water and secondary data on the ten most common illnesses 
in Jakarta, it was decided to use diarrhea as the illness 
to value the health benefit. It is priced by using the 
average cost covered by a health hospitalization insurance 
policy.
Costs of the treatment process for the central 
treatment plant are based on calculations by Dames and 
Moore (1989) in their feasibility study of this project. 
Operational and maintenance costs of the Pulogadung treat­
ment plant are obtained from the Provincial Drinking Water 
Company of Jakarta. Investment and maintenance costs for 
the project are from the feasibility study of P.T.Mirazh.
By using an interest rate of 18%, and the time 
from to to tlO, the total NPV is $182.97 million. The 
alternative of having central treatment for hazardous 
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The JABOTABEK planning region is the most densely 
populated region in the Republic of Indonesia and the 
nation's largest industrial area. The industries are dis­
tributed throughout the areas of: Jakarta Pusat (Central
Jakarta), Jakarta Timur (East Jakarta), Jakarta Selatan 
(South Jakarta), Jakarta Barat (West Jakarta), Jakarta 
Utara (North Jakarta), Bogor, Tangerang, and Bekasi.
The Pulo Gadung industrial estate in East 
Jakarta is the only industrial estate, but other indus­
tries are spreading throughout the JABOTABEK region and 
are mixed with residential areas (see figures 1 and 2).
JABOTABEK contains the Daerah Khusus Ibukota (DKI, a 
special capital region) of Jakarta, the city of Bogor, and 
the kabupaten (districts) of Bogor, Bekasi, and Tangerang. 
The word JABOTABEK is an acronym formed from the names 
Jakarta, Bogor, Tangerang, and Bekasi. As of 1986 the 
region covered 6,418 square kilometers and contained a 
population of 12.8 million (source: BKSP-JABOTABEK).
The region is dominated by Jakarta, the capital of 
the Republic with a population of 6.5 million. Environ­
mental problems are clearly visible in and around 
Jakarta. The city contains 19 significant watercourses,
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of which six supply drinking water: the Cisadane River in
Tangerang, the Ciliwung, Kalibaru, Cipinang River in 
Jakarta, and Sunter Rivers in Jakarta, and the Bekasi 
River in Bekasi. All of the rivers in JABOTABEK are con­
sidered to be polluted to some extent by municipal or 
industrial wastes. An example of the extent of municipal 
waste pollution Jakarta rivers that supply drinking water 
is the coliform count in the dry season which averages 
between 33,500 MPN coli/100 ml (in PAM Pejaten) to 93 
million MPN Coli/100 ml (in the Cipinang River). The 
standard is 10,000 MPN coli/100 ml (PPPPL-DKI 1989).
There are industrial activities along the rivers. 
OSMPE (Office of the State Minister for Population and 
Environment) in a 1986 survey, found that for a number of 
industries in the JABOTABEK region, the effluent was above 
standards (Table 1). Its hazardous wastes inventory of 
the JABOTABEK region in 198 3 and 1984 found approximately 
400,000 tons/year of hazardous wastes that required treat­
ment to meet government standards. Based on the inventory^ 
study, the Indonesian government considered installing a > 
central treatment facility and enacting "cradle to grave" 
hazardous waste management legislation patterned after the 
rU.S. Resource Conservation and Recovery Act (RCRA).
T-4009 5









Mercury (Hg) 7% 0.17 mg/1 0.01 mg/1
Lead (Pb) 88% 88.00 mg/1 2.00 mg/1
Cadmium (Cd) 21% 8. 02 mg/1 0.50 mg/1
Chromium (Cr) 93% 146.00 mg/1 2.00 mg/1 
for total 
Cr
Nickel (Ni) 28% 95. 00 mg/1 1.00 mg/1
Zinc (Zn) 84% 478.13 mg/1 15.00 mg/1
A feasibility study was undertaken (Dames and Moore, 
1989), and OSMPE concluded that it would be too costly to 
build a central treatment facility and to implement regu­
lations. Marginal costs for industries would be increased 
by the addition of social costs, impacting the national 
investment policy, especially in the JABOTABEK area. The 
venture would also reduce the attractiveness of foreign 
investment, especially in competitive advantages over 
other Asian countries. On the other hand, if OSMPE did 
not go forward with either the regulations or the facil-
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ity, social costs for the government and JABOTABEK 
citizens would soar in the future.
Hazardous Waste Management Options
Three alternative policies are proposed for dealing 
with the hazardous waste problem:
1. Maintain the status quo, thus increasing the social 
costs of JABOTABEK citizens and the government.
2. Provide centralized storage for hazardous wastes in 
West Java, especially hazardous wastes from 
Bogor, Bekasi and Jakarta. This short-term solution 
would reduce social costs, but would not eliminate 
future problems of hazardous waste accumulation and 
contamination.
3. Build a central treatment storage and disposal (TSD) 
facility and implement regulations based on the RCRA 
model. This choice would incur costs of building 
the facility and treating wastes and would also 
increase marginal costs of the affected industries. 
The Indonesian government is evaluating all three
alternatives. Each alternative has costs and benefits. 
This study provides a cost-benefit analysis for two of the 
alternatives: (1) maintaining the status quo and (2)
building a central treatment plant and implementing regu-
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lations. The third alternative is not included for these 
reasons:
1. Central storage and regulations are a short-term 
solution that will not solve the hazardous waste 
problem.
2. The storage alternative implies a postponement of 
the treatment and abatement process of the waste 
storage site. There remains the problem of deciding 
who will be responsible for the treatment and waste 
storage site remediation costs.
3. No data are available for evaluating the storage 
alternative.
The costs and benefits for Alternative 1, no central
treatment facility and no regulation of hazardous wastes,
are as follows:
Benefits Costs
o increased investment in o increased state/local
industrial development expenditures to mitigate
effects of industrial 
expansion
o direct and indirect o sociocultural effects
employment (wages)
o other income effects o urbanization/population
increases
o state/local tax revenues o opportunity costs




Taking no action would benefit local and central 
government to increase the number of industries and other 
indirect economic activities to increase employment (about 
133,136 people, BKLH-DKI 1988). The government is also 
trying to increase state and local tax revenues from 
industries and workers, and from indirect activities such 
as services that are created by the industrial activities.
In December 1987 the nearly 25,000 industries in 
Jakarta employed about 4 02,042 workers. The industrial 
descriptions included 162 foreign investment industries; 
478 domestic investment industries; 3,096 non-facilities 
industries (not receiving economic favors from the govern­
ment, e.g., tax exempt status; and 21,251 small-scale 
industries (formal and informal).
As for costs, industrial development in Jakarta in 
the JABOTABEK area will require that state/local govern­
ments expend funds to mitigate expansion effects, such as 
expanding the industrial estate, building new roads for 
goods and employee transportation, providing telephone and 
electrical facilities, and providing other public facili­
ties. Expansion of the industrial sector will also 
increase socio-cultural problems as women change their 
traditional domestic roles and become employed. Urbaniza­
tion will also increase because people will be attracted
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to the employment opportunities. In 1987 about 69,000 
people (BKLH-DKI,1988) migrated to Jakarta to seek jobs, 
food, and housing.
Economics activities will increase other risk costs 
such as those from accidents, safety programs, etc. The 
opportunity costs of taking no action are as follows: 
hazardous waste remediation for surface water, ground 
water and the atmosphere; water treatment (Perusahaan 
Daerah Air Minum [PDAM-Provincial Drinking Water Company], 
the water supply utility, reports that its costs for 
treating the water at the Pejompongan treatment plants in 
Jakarta are increasing at a rate of 40% per year); ill­
nesses related to pollution; mitigating the water pollu­
tion impact on agriculture and fisheries and improving the 
ecosystem of JABOTABEK and Jakarta Bay; and reduced tour­
ism in the Jakarta Bay area.
Without a hazardous waste treatment plant, river 
pollution will increase. This will impact river use plan­
ning, as the provincial government has decided the rivers 
were for water supply, agriculture, fisheries and drain­
age. The characteristics of the existing condition of the 
rivers in JABOTABEK are listed in Table 2. The water from 
those rivers cannot be used for drinking water or for 
agriculture and fisheries because several of the para-
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Table 2. Water Quality Data in the Rivers That Are 
Sources of Drinking Water in Pulogadung 
(PPPPL-DKI and PAM-DKI, 1988)
Parameter Unit Pulogadung monitors points
1 2 3
Physics
Conductivity uhos/cm 230.0 250. 0 235.0
Turbidity NTU 30.0 25.0 30.0
Color Pt-Co 60. 0 45.0 35.0
II. Chemistry 
PH 7.5 7.5 7.3Ammonia mg/1 1.9 3 . 9 2.7
Nitrate mg/1 0.9 0.7 0.6
Nitrite mg/1 0.2 0.1 0.6
Chloride mg/1 20.0 25.0 15.0Total-
Hardness mg/1 70.0 100. 0 80.0
Suspended-
Solid mg/1 20.0 20.0 40.0
Phosphate mg/1 0.3 0.4 0.1
Sulfate mg/1 29.6 22.8 49.6
Fluoride mg/1 0.7 0.1 0.2COD mg/1 22 .1 14.0 40.2BOD mg/1 11.4 11.5 19.5Organic
(KMn04) mg/1 13.5 13 . 3 21.1
Detergent mg/1 0.5 0.4 0.4Phenol mg/1 0.2 0.2 0.1
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Table 2 (continued)
Parameter Unit Pulocraduncr monitors ooints
1 2  3
III. Metals
Iron mg/1 2 .1 1.7 2.4
Copper mg/1 # # #Lead mg/1 # 0.1 #Cadmium mg/1 # # #Chromium mg/1 # # #Nickel mg/1 # # 0.1Zinc mg/1 0.1 0.1 0.1
IV. Microorganisms
MPN Coli/100 ml 4 *106 1100*104 460*104
MPN Fecal Coli/100 ml 39*105 210*104 3 *104
# = Not detectable 
Source: PPPL-DKI and PAM-DKI, 1988.
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meters in Table 2 are above the Indonesian standard. For 
example, ammonia in the Pulogadung River averages 2.83 
mg/1, which is above the 0.5 mg/1 standard for drinking 
water and higher than the standard for agriculture and 
fishery purposes, 0.02 mg/1.
The PPPL-DKI and PAM-DKI river monitoring data show 
concentrations of phenol in the Curug, Karang Barat, 
Cikarang, Sunter, and Bekasi rivers are 0.05, 0.06, 0.27, 
0.13, 0.14, and 0.08 mg/1. The phenol standard for 
fishery use is 0.001 mg/1. It is clear that these rivers 
cannot be used as a fishery resource. Thus the fresh water 
and salt water fisheries are unavailable. The salt water 
fisheries are affected because all of the 19 water courses 
empty into Jakarta Bay (tables 3 and 4).
The data indicate that the level of heavy metals in 
the bottom sediment is higher than the level of heavy metals 
in the water. Under conditions of high redox potential 
and/or low pH, the metals may appear in the water column. 
They may also spread into the biota through food webs. 
Pollution in Jakarta Bay has also influenced the fish 
population; BKLH reported a reduction in the number of 
fish and that the fishermen had to go farther to find 
fish.
Table 3 shows that several metal concentrations 
exceeded standards in the 1980's. The above data indicate
T-4009 13





1988 0.00-0.05 0.06-0.09 0.06-0.10 0.00-0.09
1984 0.00-0.15 0.01-0.22 0.01-0.12 0.01-0.03
1983 0.02-0.07 0.11-0.19 0.02-0.09 0.03-0.06
International
standard 0.00003 0.0005 0.0005 0.00003







1988 0.00-0.10 0.00-0.89 0.31- 2.31 1.25-2 .50
1984 0.00-3.93 0.04-1.33 0.01- 2.74 0.02-4 . 61
1983 0.82-3.54 0.13-0.67 0.34-11.48 1.62-6 .09
International 
standard 1.0 0.40 1.0 2. 0
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that the level of heavy metals in the bottom sediment is 
higher than the level of heavy metals in the water.
From the above, it can be concluded that the 
environment and some recreation areas in the Bay will con­
tinue to deteriorate. There will be a cost to fisheries, 
agriculture, recreation, drinking water supplies, and the 
ecosystem, and a health impact on humans and other bio­
organisms .
The second alternative is to build a central treat­
ment, storage, and disposal facility (TSD) and to imple­
ment hazardous waste regulations. The benefits and costs 
are as follows:
Benefits Costs
o direct and indirect o increase in state/
wages local government and
citizen expenditures 
to facilitate the TSD 
and regulation
o environmental remediation o opportunity costs
o other income effect o psychological impact
(land use, population 
o state/local tax revenues and property value
changes)
The Dames and Moore feasibility study (1989) lists a 
number of possible benefits from installing a TSD. Adop­
tion of regulations requiring implementation of waste 
management, and the enforcement of these regulations, can
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be expected to result in the creation of a service indus­
try to meet the needs arising from these regulations.
Among the areas in which growth of activity can be expec­
ted are engineering services, recycling, equipment manu­
facturing, and transportation.
The engineering service industry will be needed as a 
result of increased demand for design and construction 
services associated with the TSD facility itself, in order 
for industries to improve the treatment of waste and 
manufacturing processes to minimize the wastes.
Recycling is expected to increase if the cost of the 
TSD facility rises over time. Industries would recycle 
to reduce waste management costs. As an example, in 
Copenhagen, Denmark solvent and oil recycling industries 
developed after central treatment of hazardous wastes was 
instituted.
In addition, opportunities will arise for makers of 
waste containers, sampling equipment, monitoring instru­
ments, waste treatment systems, and health and safety 
equipment. Opportunities will also likely arise for the 
transportation and heavy equipment industries. Trucks 
and heavy equipment (either on a sale or lease arrange­
ment) will be needed for transporting waste materials to 
the TSD facility and heavy equipment for servicing the 
facility.
ARTHUR LAKES LIBRARY 
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All of the above opportunities are incremental to 
the economy of the JABOTABEK region as it is presently 
structured. The creation of a waste management industry 
will also create employment opportunities and will gener­
ate tax revenues.
Dames and Moore (1989) also reported that successful 
implementation of a workable regulatory and institutional 
framework will require changing unacceptable industrial 
practices in the interest of public health and safety, 
exist.
The proper management of waste materials at the 
central treatment facility is essential for protecting 
public health, safety, and the ecosystem. While current 
waste management practices may represent health and envi­
ronmental threats, the risks are diffused geographically.
A centralized TSD facility, as envisioned here, would 
focus the problem into one location. Added to this risk 
is the risk of transporting waste materials from a number 
of source locations to the facility. With the institution 
of proper safeguards in transport and at the facility, 
however, the overall public health and safety risk should 
be both much reduced and more controllable, at least as 
compared with the current situation.
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Improper waste management practices constitute 
threats not only to the health and safety of the general 
public, but in many instances to the employees of the 
industrial facilities generating the wastes. Public 
health and safety concerns include improper handling, 
storage, and disposal of waste materials. Occupational 
risks are generally greater than risks to the general 
public.
The theme in the evaluation of benefits for the 
central treatment facility is the cessation of past and 
present unacceptable waste management practices. As noted 
above, occupational and public health risks and safety are 
among the most significant of these consequences. Other 
issues arising from continuing improper practices are the 
costs associated with remediation of sites contaminated 
with industrial wastes. Based on clean-up experiences in 
the United States, for one site investigation (Remedial 
Investigation/Feasibility Study) the national average cost 
was $70,000 per operable unit (OU) and $1.1. million 
per site (U.S. EPA, 1990).
The central treatment facility in JABOTABEK would 
decrease pollutants in the surface and ground water, and 
in the air. Costs for drinking water treatment would 
decrease, and agriculture, fishery, and tourism programs 
could be expected to thrive.
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Certain costs will accrue to state and local govern­
ments for facilitating the TSD project and implementing 
and enforcing regulations. Laboratory monitoring and 
other programs related to the TSD will be required. Emer­
gency preparedness programs, including training and equip­
ment for safety purposes will incur costs.
Hazardous waste emissions from the operation of the 
TSD facility would be minimal because of the safety and 
pollution control devices for each process suggested by 
Dames and Moore in their 1989 feasibility report.
For physical-chemical waste treatment, additional 
waste waters will be generated internally from the opera­
tion of the TSD, which will require treatment before dis­
charge. Stabilization or solidification is recommended 
for treating wastes that are unsuitable for direct dispo­
sal in a landfill. Such wastes may contain high levels of 
aqueous components susceptible to leaching. Waste stabil­
ization results in a product with good structural charac­
teristics and greatly reduced susceptibility to leaching 
that can be safety disposed of in a secure landfill.
Dames and Moore also suggest a secure hazardous 
waste landfill to serve as the final repository for hazar­
dous wastes and residues. Their design of a state-of-the- 
art landfill requires a foundation or bottom layer to be
T-4009 19
constructed of at least 1 meter of compacted clay. Over­
laying the clay foundation would be two layers of synthe­
tic liners of very low permeability and high resistance to 
chemical attack by the wastes expected to be received. 
Above the top liner and between liners, netting and perme­
able geofabric and perforated drain pipes should be laid 
to collect leachate generated in the landfill. The leach­
ate collection system should be designed to direct leach­
ate to central sump pits from which it can be pumped to 
the physical-chemical treatment facility before release. 
Each completed cell of the landfill should be covered with 
an impermeable cap of at least a layer of compacted clay 
to minimize the volume of leachate generated from surface 
water infiltration. The landfill should be constructed 
and operated one cell at time. Because large volumes of 
rainfall can be expected, careful attention must be paid 
to minimizing the quantity of water that contacts waste 
materials. This might be accomplished by constructing 
temporary roofs over the active section of the cell or 
covering the waste with plastic sheets. Minimizing the 
quantity of rainfall and run-off that becomes contaminated 
will directly reduce the operating cost of waste water 
treatment.
The design of the landfill that suggested by Dames 
and Moore is similar to the EPA minimum technology gui­
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dance on double liner systems for landfills and surface 
impoundments, design, construction and operation (U.S.
EPA, 1985).
An alternative is composite liners (August, 1986), 
consisting of a 2 mm to 3 mm synthetic liner in pressure 
contact with an earthen liner, in this case clay (greater 
than 60 cm), laid down without serious flaws, that sup­
plies, independent of the porosity of the mineral compo­
nent, a sealing liner effect with a zero k-value. A well- 
designed landfill can be expected to be safe and would 
protect the ground water.
An automatic ash removal system recommended by Dames 
and Moore for the incinerator would allow the incinerator 
to be run continuously, 24 hour per day, without having to 
be shut down for ash removal. Typically a drag conveyer 
is used to pull the ash out of the primary combustion 
chamber and into a wet well where it is quenched. The wet 
ash is then transferred to a container, which is periodi­
cally taken to the stabilization facility for treatment 
prior to landfill disposal. Flue gas exiting the secon­
dary combustion chamber must be treated before it can be 
released to the atmosphere. A dry scrubber and baghouse 
process is also suggested.
T-4009 2
National and regional guidelines and standards are 
being developed to regulate the effectiveness of the TSD.
A monitoring system should be implemented by the govern­
ment for water and effluent quality and for the TSD facil­
ity to assure compliance with the standards.
Centralization of treatment facilities will be less 
costly to implement than to require individual treatment 
facilities for each industry. However, this option is 
very expensive, especially for small scale industry.
Population, land use, and property value changes 
serve as indicators of the psychological impact of dump- 
sites in communities. Such impacts may take place in 
Jakarta. For example, in Boston, the hedonic housing 
values, costs of local public goods, and the benefits of 
hazardous waste clean up were studied by David Harrison 
and James H. Stock in 1984, who found that the interac­
tion terms are negative, suggesting that, as expected, the 
adverse effects of living near a hazardous waste site form 
a relatively larger component of the price of expensive 
homes.
Industrial Wastes in JABOTABEK
In 1983, the Office of the State Minister for Popu­
lation and Environment (OSMPE) conducted the country's 
first inventory of hazardous in JABOTABEK with the assis-
T-4009 22
tance of a Danish consultant. Using the "Dagh Whatson
Model," it was found that about 4 0% of factories having
*
more than 100 employees in JABOTABEK had reported the 
types and quantities of hazardous waste. The total amount 
of industrial waste was approximately 8.5 million 
tons/year, of which about 50% was claimed to be hazardous 
waste. Based on this study, the Indonesian government 
decided to consider a central treatment facility for 
hazardous wastes.
In 1987, another inventory of hazardous wastes was 
made as a prefeasibility study for the central treatment 
of hazardous wastes. The method used was similar to the 
first with small improvements especially in new industrial 
classifications. In 1988, a third hazardous waste inven­
tory was undertaken for the Dames and Moore feasibility 
study. This inventory used the same method as the second 
but reviewed the types of hazardous wastes from 9 cate­
gories of industries, based on U.S. EPA guidelines. The 
results are shown in table 5.
Scope of the Study
A study limited to a representative area within 
JABOTABEK will be sufficient to yield information that 
will be indicative of the costs and benefits of central 
treatment of hazardous wastes.
T—4 009 23
Table 5. Comparison of Sectoral Capacity Data
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components 384
Machinery & 38 tonnes
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Electrical & 383 tonnes
electroni c










































Sample capacity -- based on P.T. Mirazh Feasibility Study, modified in some 
sectors after plant visits by Dames & Moore.
JABOTABEK Dames & Moore, 1990 -- based on comparison of Mirazh figures. 
Industry contacts, published sources, and national production.
JABOTABEK, P.T. Mirazh 1990 Projection -- based on information available in 
1986.
(Source: Dames and Moore 1989)
Sludges and solids in tons, liquids in cubic meters.
T-4009 25
To this end, the study will focus on the Cipinang 
and Sunter Rivers catchment area. It will take into 
account investment and maintenance costs of the project, 
health effects, and cleanup.
The Sunter River, the most highly polluted river in 
JABOTABEK, is 47.5 km long, flows from its source at 
Cilangkap in West Java province through hilly areas of the 
Bogor alluvial fan, enters east Jakarta at Kelurahan Bambu 
Apus before crossing a low flat sedimentary alluvial zone 
which extends from near Pulogadung to the coast. The 
main tributary of the Sunter is the Cipinang, which has 
length of about 3 5 km to the confluence. The total 
catchment area of the Sunter and Cipinang is about 3 5 km 
to the confluence. The total catchment area of the two 
rivers is about 183 km. Present land use is 57% residen­
tial, 38% agriculture, and 5% industrial.
Within the assumed catchment boundaries, the popula­
tion (JICA 1990) is about 1.4 million —  92% inside 
Jakarta (DKI) boundaries and the remainder in Kecamatans, 
the Pondok Gede and Jati Sampurna of Bekasi Kabupaten, and 
in Kecamatan Cimanggis of Kabupaten Bogor. Thus the aver­
age population density in the Jakarta portions of the 
catchment is about 110/ha compared with less than 40/ha 
outside Jakarta.
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Rainfall in the lower catchment (from Halim down to 
the sea) varies between 600 mm and 800 mm in the dry sea­
son and 1,000 mm and 1,3 00 mm in the rainy season. Mean 
yearly flow of the Sunter is about 3 cubic meters/second 
recorded at Cipinang Muara (JICA, 1990).
The Sunter river is a source for drinking water 
treated at the Pulogadung treatment plant. Water contami­
nants and standards are listed in table 6. A number of 
contaminants are in excess of the allowable standards.
Only about 4 0% of Jakarta citizens consume the 
drinking water from the 11 drinking water treatment plants 
in Jakarta production, about 10,385 1/second. The 
Pulogadung treatment plant is Indonesia's largest with a 
production capacity of about 4,000 1/second. Since it 
began producing in 1982, only 1,000 1/second has been con­
sumed by the East, North, and Central area citizens of 
Jakarta. About 67,8 00 families consume the drinking 
water, probably 339,000 people in all, if it is assumed 
that each family consists of 5 persons. Based on age, 
there are about 115,993 (34%) children under 15 years of 
age (BKLH-DKI, 1988). Those who consume drinking water 
from the Pulogadung treatment plant have a health risk 
especially the children.
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Table 6. The Chemical and Physical Properties of Drinking 










Color PtCo 15. 83 11. 67 15
Turbidity
scala
NTU 15. 83 11. 50 17.50
2. Chemistrv 
Chloride mg/l 31. 67 21. 67 250.00
Ammonia mg/1 0. 12 2 . 22
Nitrate mg/l 2 . 75 2 . 17 10. 00
Nitrite mg/l 1. 098 0. 328 1.0
PH 7.1 7 . 4 6.5 to 8Sulfate
Total mg/l 22 . 83 27 . 17 400.00
Hardness
Total mg/l 128 . 33 90. 00 500.00
Fluoride mg/l 0. 18 0.28 0.5
Organic
(KMn04) mg/l 15.22 8 . 55 10.00
Phenol mg/l 0. 17 0. 10
Cyanide mg/l # #Suspended
Solids mg/l 6 . 67 24.50 000.00Iron mg/l 0.55 0.56 0.3Copper mg/l 0. 02 0. 02 0. 05
Lead mg/l # 0.02 1.0Cadmium mg/l # # 0.005Chromium mg/l # # 0. 05Nickel mg/l # #Zinc mg/l 0.22 0.16 5.0
Manganese mg/l 0.47 0.31 0.1Calcium mg/l 11.47 10.40
Magnesium mg/l 9.78 6. 12
Note: # = not detectable
Source : PPPPL-DKI (Jakarta provincial government) 1989.
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Hypothesis
The hypothesis in this study is that risk analysis 
will show that central treatment of hazardous wastes will 
greatly eliminate the release of wastes into receiving 
waters and will reduce health risks. Risk assessment in 
the United States was identified by the government in 1984 
as a critical and integral part of regulatory decision 
making. With the increased awareness of the effects of 
contaminants on the human body, there was a need to direct 
the economic and technological resources to solve these 
problems. The first challenge was to prioritize the var­
ious hazards. Not unexpectedly, regulators and legisla­
tors sought methods to describe these hazard quantita­
tively. Out of this need to prioritize in an objective 
manner arose the field of health risk assessment.
This study uses the risk assessment evaluation to 
find the impact of the hazardous wastes on human health. 
Table 7 lists industries in the Cipinang-Sunter catchment 
area that produce hazardous wastes.
From the types of industries, it is easy to identify 
the inorganic and organic compounds that may be discharged 
into the Cipinang and Sunter rivers. This study will 
consider five contaminants: nitrite, phenol, copper,
lead, and zinc. These contaminants have been chosen to
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(2) (3) (4) (5) (6) (7)
1. Food 9 4 2 3 19 7 44
2. Drink 2 1 1 1 2 7
3. Milk 6 6
4. Meat 1 1
5. Plastic 6 1 3 7 17
6. Textile 10 5 15
7. Pharmacy 17 9 2 28
8. Cosmetics 3 9 1 13
9. Chemicals 6 2 3 10 3 24
10. Wood 2 2 4
11. Printing 5 10 9 3 28 61 116
12. Ceramics 3 5 3 1 3 5 20
13. Transport 4 1 2 13 20
14. Mechanical 2 1 14 3 20
15. Electrical 2 1 1 16 2 22
16. Metal 6 4 2 2 30 5 49
17. Petroleum 2 2 2 6
18. Others 13 1 1 46 3 64















♦Excluding 110 medium and small industries not 




evaluate risk as a basis for valuing the health costs for 
the following reasons:
- They are discharged by industry
- They effect human health
- They occur in the drinking water monitoring data
- All, except lead, have reference dose (Rfd) in
the Health Effects Assessment Summary Tables 
(First/Second Quarters FY-1980) for risk assess­
ment evaluation.
Although there is a possibility that volatile 
organic compounds will be discharged into the river, the 
data for these contaminants, except for phenol, are not 
available in the drinking water monitoring data. Ms. Lili 
Siregar, who is doing the monitoring, reports that the 
volatile organic compounds are not detectable in the 
drinking water (personal communication).
The hypothesis proposed for the limited study is 
based on data on waste disposal in JABOTABEK reported by 
the State Minister for Population and Environment in 1984. 
Methods of disposal include burial within a container on 
industry property as per Jakarta government instruction 
(36.08%), uncontrolled dumping (11.34%) controlled land 
spread (1.03%), uncontrolled land spread (1.03%), inciner­
ation (12.47%) and others (9.2%). This study focuses on 
the first clean-up of wastes that are buried in containers
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL OF MINES 
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in controlled landfills located on industry property.
This choice was made because industry is interspersed with 
housing, and creates the possibility of wastes leaking 
into the wells used by households.
The Provincial Drinking Water Company, the water 
supply utility, reports that its costs for treating the 
water at the Pejompongan treatment plants in Jakarta are 






In preparation for the cost-benefit analysis, 
the following risk assessment steps are necessary:
1. Identify the industries in the Cipinang catchment 
area.
2. Identify industrial discharges into the Cipinang and 
Sunter rivers that affect drinking water from the 
Pulogadung water treatment plant by assessing the 
secondary data. The following are the references 
for this problem:
a) The Matrix of Priority Pollutants Potentially 
Discharged from Industrial Categories, EPA 1983.
b) The Pattern of Industrial Pollution Control in 
Jakarta, PPPPL-DKI 1989.
c) The Water Quality Improvement Planning Study 
for Sunter River, Public Works 1990.
3. Identify the health impact of drinking water 
contaminants such as nitrite, phenol, copper, zinc, 
and lead.
4. Assess risk from drinking water contaminants by 
using the Risk Assessment designed by U.S. EPA as 
follows:
T-4009 33
a) Select the drinking water contaminants. This 
study will use phenol, nitrite, copper, and 
zinc, the drinking water contaminants with the 
reference dose (RfD) data in the U.S. EPA guide­
lines. Lead intake in the drinking water can be 
calculated from the blood lead (Pb-B) levels.
b) Base risk calculations on the following assump­
tions :
(1) The calculation is separated in categories 
of children (under 15 years old) and 
adults.
(2) Water intake is based on Indonesian life 
expectancy of 58 years, 3 0 years maximum at 
one residence (EPA, 1989), and the 8 years 
the treatment plant was in operation.
(3) The Indonesian adult body weight is based 
on average of 60 kg, and children's, 10 kg.
(4) Water consumption is 2 liters/day for an 
adult and 1 liter/day for children (EPA, 
1990). Water will be consumed from the 
treatment plant 3 00 days each year. Con­
sumers are away from home the other 65 
days. Contaminant intake for individuals 
will be calculated using the following 
equation (U.S. EPA, 1990):
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Intake (mg/kg-day) = CW x IR x EF x ED
BW x AT
where:
CW = Chemical concentration in water (mg/l) (see 
Table 6 for the contaminants that will be 
monitored from the Pulogadung drinking 
water treatment plant.
IR = Ingestion rate (adults 2 liters/day? child­
ren, 1 liter/day)
EF = Exposure frequency (3 00 days/year)
ED = Exposure duration (58 years, 30 years, and 
8 years)
BW = Body weight (adults, 60 kg? children, 10 
kg)
AT = Average time (period over which exposure is 
average-days) (58 years, 3 0 years, and 8 
years).
c) RfD values are specific for the route of expo­
sure for which they are listed in Table A of the 
U.S. EPA publication, Health Effects Assessment 
Summary Tables. First/Second Quarters FY 1990 
RfD values for oral exposure are reported as 
mg/kg/day. Oral RfD value can be converted to a 
corresponding concentration in drinking water
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using the following calculation (U.S. EPA,
1990):
mg/l in water = oral RfD (in mcr/kq/dav) x BW
Ingestion rate (L/day)
The RfD is determined by use of
RfD = NOAEL/(UF X MF)
where:
NOAEL = No observed adverse effect level —  an 
experimentally determined dose at which 
no statistically or biologically sig­
nificant indication of the toxic effect 
of concern is observed 
UF = Uncertainty factors
MF = Modifying factors.
If there are no data for NOAEL, the LOAEL 
(lowest observed adverse effect level) can 
determine the RfD. The equation is: RfD =
LOAEL/(UF X MF) (U.S. EPA 1990). UF and MF 
will be determined from Table 1 in Barnes 
and Dourson (1987).
d) The Hazard Index can be determined as follows:
Hazard Index (HI) = CPI 1 + CPI 2 +
RfD 1 RfD 2
where:
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CDI = Chronic Daily Intake 
RfD = Reference Dose
When the hazard index is greater than 1, each 
hazard quotient should be considered. The HQ 
from contaminants that have the same effects.
The Hazard quotient calculation is 
HQ = CDI/RfD 
Usually, doses that are less than RfD are not 
likely to be associated with health risks (EPA 
1990).
e) Lead intake evaluation will use the following 
equation:
Lead intake in the drinking water x Pb-B = 
Average oral intake
where:
Lead intake in the drinking water is in units of 
ug/day.
Average oral intake is in units of ug/day. This 
data is taken from the Tepper and Levin et al. 
result study (WHO, 197 7 in U.S. EPA report 
1980).
Cost Benefit Analysis
The cost-benefit analysis itself involves 6 major 
and additional steps as follows:
T-4009 37
1. The project to be analyzed is identified. For this 
study there are two alternative policies for hazar­
dous waste management in JABOTABEK.
2. All the impacts, both favorable and unfavorable, 
present and future, on all of society are determined 
(see the scope of the study).
3. Values, usually in dollars, are assigned to these 
impacts. Favorable impacts will be registered as 
benefits, unfavorable ones as costs. These values 
are determined as explained below:
a) Investment, operating and maintenance 
costs are determined from the P.T. Mirazh 
Feasibility Study report in 1988.
b) For the clean up benefit calculation several 
assumptions were made as follows:
(1) Identification of the industries that will 
require a clean-up based on the State OSMPE 
study of 1983-1984; about 36% of industries 
buried wastes on their properties as 
instructed by Jakarta's provincial governor 
in 1980.
(2) Estimates of how many sites will be cleaned 
up in the future is based on the location 
of the industries.
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(3) The value of the clean up process in this 
study is only a part of the total RI/FS 
(remedial investigation/feasibility study, 
figure 3) cost and treatment cost, ignoring 
the others of RA (remedial action) pro­
cesses, RD (remedial design), excavation 
process and enforcement as explained in The 
Superfund Program Management Manual Fiscal 
Year 1991, U.S. EPA 1990. The reasons 
these processes are ignored are as follows: 
The hazardous wastes were buried in proper­
ly, so the excavation process will not be 
too difficult. There will be no remedial 
design. All that is required is to exca­
vate the drums and fill in the soil. The 
hazardous wastes will be treated at the 
central treatment facility. It is assumed 
there was no waste leaking into the ground 
water, so the other remedial action can be 
ignored.
c) The calculation assumptions to find the value of 
this part of the RI study are the following:
This study considers only the initial site plan­
ning cost estimate as explained in the Remedial 
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Figure 3. Remedial investigation and feasibility
study flowchart
The feasibility study/cost evaluation activities 
are not calculated because no other alternative 
in the remediation is assumed besides the exca­
vation process, treatment by the central treat­
ment plant, and refilling the pit with the soil.
The initial site planning cost will be 
determined in the future from a questionnaire 
directed to Indonesian consultants asking them 
to fill in the fee for each work load.
To find the benefit of the treatment process in the 
clean up, it is necessary to find total quantity, 
type, and location of the hazardous wastes. The 
type and location of the hazardous wastes can be 
determined from secondary data (JICA, 1990). The 
quantity of hazardous wastes in Cipinang-Sunter 
catchment area equals the number of industries in 
the area for each group, divided by the total num­
ber of industries for each group in JABOTABEK, times 
the total quantity of hazardous wastes for each
a) The quantity of hazardous wastes for each
group times the transportation and treatment 






b) The addition of treatment benefit and the part 
of remediation benefit is equal to the benefit 
of the clean-up process for time/year 0.
c) The benefit calculation on the clean-up process 
for other years is calculated by assuming the 
quantity of the wastes will rise 5%/year (P.T. 
Mirazh 1988).
5. Valuation of the Health Benefit is explained as 
follows:
a) The Risk Assessment, the effect of contaminants 
to human health evaluation (JICA report 1990 and 
BKLH report 1988) identifies the diseases that 
are caused by the contaminants in the drinking 
water. The water-borne illness, diarrhea, will 
be used in this study. Costs for hospitalization 
and for public health service (outpatient treat­
ment) will be based on information from the P.T. 
Nashua Insurance Company. Statistics on the 
population affected by diarrhea are from BKLH- 
DKI (1989).
b) The health benefit consists of hospital and out­
patient cost for time in year 0. The health 
benefit in other years is calculated by assuming 
that the affected population will increase 5%
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annually, the same percentage used for the 
increase in wastes (BKLH-DKI, 1989) .
6. The benefit on the maintenance and operating costs 
for drinking water in Pulogadung will be determined 
from data provided by the Pulogadung drinking water 
treatment facility (PDAM-DKI).
a) Maintenance and operating costs for the drinking 
water treatment plant will increase about 
4 0%/year based on PDAM-DKI information for the 
Ciliwung drinking water treatment plant.
7. The net cost benefit will be calculated. The NPV 
(net present value) is based on the following 
(Gitman, 1979):
Time; the calculation is for 10 years based 
on the P.T. Mirazh feasibility study (1988) 
Interest Rate. The interest rate is 18% 
based on the domestic loan interest (P.T. 
Mirazh 1988).
The NPV calculation is
10
NPV = > Ct t
-LU
- It=o t1 +
T-4009 43
where:
Bt = Benefit at time t 
Ct = Cost at time t 
i = Interest rate 
t = time
8. The choice between the two options presented will be 
made.
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Chapter 3
HAZARDOUS WASTES IN CIPINANG-SUNTER CATCHMENT AREA
Wastes Discharged bv Industry
The hazardous wastes occurring in the Cipinang- 
Sunter catchment area can be identified from the types of 
industry located in that area. The wastes are listed in 
Table 7. By knowing the type of industries in the area 
and referring to the matrix of priority pollutants 
potentially discharged from industrial categories (U.S. 
EPA, 1983), the wastes these industries discharge can be 
determined. Often, this type of information is from 
process knowledge. Not all of the following contaminants 
are present at levels considered dangerous, but all 
represent a potential contamination danger as industrial
production expands: food, drink, milk and meat industry
\wastes are excluded from hazardous wastes.
Pharmaceutical wastes, such as toluene, benzene, 
methylene chloride, phenol, arsenic, chromium, cadmium, 
copper, cyanide, mercury, zinc, and nickel are also con­
sidered hazardous (U.S. EPA, 1983).
In plastic processing, the priority pollutants pro­
duced are cadmium, copper, and cyanide. If the wastes are 
above the EP toxicity standard (U.S. EPA, 1983), they are 
in the hazardous waste category. Plastic processing will
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also produce benzene, carbon tetrachloride, chlorobenzene,
1,1-dichloroethane, chloroform, ethylbenzene, methyl 
chloride, dichlorobromethane, phenol, pentachlorophenol, 
phenanthrene, toluene, cadmium, chromium, copper, lead, 
mercury.
Petroleum refining produces priority pollutants such 
as chromium, cyanide, zinc and phenol. These types of 
wastes are listed in EP toxicity if the concentration of 
the heavy metals are above the EP toxicity standard.
Textile mills will produce priority pollutants, such 
as phenol, pentachlorophenol, tetrachloroethylene, tolu­
ene, trichloroethylene, antimony, arsenic, cadmium, chro­
mium, copper, cyanide, lead, mercury, nickel, selenium, 
silver, and zinc. For electrical products, pollutants 
will be listed in priority as follows: 1,2-dichloro-
ethane, 1,1,1-trichloroethane, 2-chlorophenol, 1,2- 
dichlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene, 
ethylbenzene, methylene chloride, naphthalene, phenol, 
cadmium, chromium, copper, lead, cyanide, nickel, and 
zinc. Heavy metals can be listed for EP toxicity charac­
teristics if the concentrations are above the EP toxicity 
standards.
For the chemical industry the pollutants will be in 
the category of organic chemicals, plastics and synthetic 
or in the inorganic chemical type of wastes. The priority
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lists of inorganic pollutants/wastes are as follows: 
arsenic, asbestos, antimony, cadmium, chromium, copper, 
cyanide, lead, mercury, nickel, selenium, silver, thallium 
and zinc (U.S. EPA, 1983).
Timber products processing (wood), will produce 
pentachlorophenol, phenol, arsenic, chromium and copper 
priority list wastes.
Metal finishing, metal, transport, mechanical and 
electricity industries are in metal finishing group of 
industrial type. Metal finishing will produce priority 
list of wastes as follows: benzene, carbon tetrachloride,
1,2-dichloroethane, 1,1,1-trichloroethane, 1,1- 
dichloroethane, 1,1,2-trichloroethane, 1,1-dichloro- 
ethylene, 1,2-transdichloroethylene, ethylbenzene, fluora- 
thene, bis(2-chloroethoxy) methane, naphthalene, N-nitro- 
sodiphenylamine, pentachlorophenol, phenol, bis(2-ethyl- 
hexyl)phthalate, butyl benzyl phthalate diethylpthalate, 
anthracene, tetrachloroethylene, cadmium, chromium, 
copper, lead, mercury, zinc.
Ceramics is considered a "dry” industry, not requir­
ing large volumes of water. JICA (199 0) categorizes cera­
mics as non-polluting industries.
The printing industry is not on the priority pollu­
tants lists, but Dames and Moore, in their 1989 study,
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categorizes the printing industry in group 34, paper and 
printing (Department of Industry, 1986). Various solid 
waste streams from printing operations were eliminated 
from the data base as nonhazardous wastes. Film wastes are 
retained as solids that could be directly landfilled. 
Printing operations produce several liquid wastes from 
roll washing, machine cleaning, and film processing. These 
were considered to produce toxic residues after treatment, 
at 1% to 4% by volume. Some could be stabilized and land- 
filled, others may require incineration.
From the above explanation and the data on drinking 
water pollutants (table 6), it can be assumed that the 
industrial discharges into the Cipinang and Sunter rivers 
contain the following drinking water contaminants.
1. Phenol. From pharmaceuticals, plastics,
petroleum, textile mills, electrical products, 
wood and metal finishing. Industries discharging 
phenol in amounts greater than 1.0 mg/1 are alumi­
num, bicycle, and cooking oil manufacturers and 
other food processing activities (JICA, 1990).
Firms discharge phenol into the Cipinang and Sunter 
rivers number 250 (52.5%).
2. Copper. From pharmaceuticals, plastics, textiles,
electrical products, woods/timber product process, 
metal finishing, and the inorganic chemical
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industry. A bicycle factory was reported to have 
discharged relatively high concentrations of copper 
(JICA, 199 0). From the above data it can be calcu­
lated that 212 (44.5%) industries discharge copper.
3. Lead. From plastics, textiles, electrical products,
metal finishing and inorganic chemical industries. 
This involves 153 (3 2.10%) firms. JICA reported in 
1990 that unacceptable lead levels were noted in 
discharges from an aluminum works (0.13mg/l).
4. Zinc. Pharmaceuticals, petroleum, textile mills,
electrical products, metal finishing, and 
inorganic chemical industries. The firms 
involved number 172 (36.1%).
Other contaminants dangerous to human health, both 
inorganic and organic, are discharged by industry into the 
rivers but are not found in the drinking water, either 
because they are removed in treatment of they are emitted 
at low enough levels that they are diluted in the rivers.
Among the inorganic wastes are mercury, arsenic, 
chromium and cadmium. Among the organic wastes affecting 
human health and that are listed as carcinogenic compounds 
in The Health Effect Assessments Summary Table B (U.S.
EPA, 1990) are benzene, carbon tetrachloride, methyl
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chloride and tetrachloroethylene. Metal finishing is the 
second biggest industry (23%) in the area.
In addition, there are other chemicals such as 
chromium (46.2%) and cadmium (38.4%) which are above the 
significant level. Perhaps these two contaminants do not 
occur in the printing industry effluents. Printing is a 
dominant industry in this area.
Organic contaminants are discharged by about 3 6% of 
all industries. Only benzene (32.87%) is almost at the 
level where it will be detectable in the drinking water. 
Even though other contaminants are not detectable in the 
drinking water, care should be taken because the drinking 
water monitoring data used in this study was taken only 
once in August 1988 and once in September 1988. An 
example of time lead concentration fluctuated every hour 
which was determined by Johanes Sugeng in 1989 from 0.05 
to 0.09 mg/1 in the drinking water.
Quantity of Wastes Discharged
To find the total quantity of hazardous wastes, the 
industries are grouped into 9 categories as determined by 
the Department of Industry (Dames and Moore, 1989).
1. Group 31-Food, Beverage, and Tobacco. Dames and
Moore has not considered group 31 industries to be
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hazardous waste generators, and they will not be 
considered here.
2. Group 32-Textile, Garment, and Leather. Generally
speaking, the hazardous wastes from textile and 
garment plants stem from the use of toxic dyes and 
some fabric finishing chemicals. In the Cipinang 
catchment area there are about 5 textile industries 
among the 464 large and medium industries in 
Jakarta. There are about 10 textile industries from 
62 large and medium industries in Bogor.
3. Group 33-Wood and Wood Products. According to Dames
and Moore this waste production is minimal in the 
JABOTABEK region. In the Cipinang catchment area 
there are 2 wood industries from 59 industries in 
Jakarta and 2 from 12 industries in Bogor.
4. Group 34-Paper and Printing. Two subsectors of
group 34 were identified as producing toxic and 
hazardous wastes from paper mills and printing/pub­
lishing. In the Cipinang catchment area, 111 of the 
17 0 industries in Jakarta and about 5 industries 
from 14 in Bogor are of these types.
5. Group 35-Basic Chemicals. Industries identified by
Mirazh as possible toxic and hazardous waste 
generators included plants manufacturing resins and 
woods preservatives, paints, ink, industrial gas,
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fertilizer, pesticides, pigments, soap and cosmetics 
and pharmaceuticals. This category in Cipinang 
catchment area represents 3 9 from 3 05 industries in 
Jakarta and 2 6 from 104 in Bogor.
6. Group 3 6-Nonmetallic Mineral Products. Included in
the 3 6 industries are pottery/ceramics, asbestos, 
cement and glass. Only ceramic industries are pre­
sent in the Cipinang catchment area. There are 
about 17 from 33 in Jakarta and 3 from 39 in Bogor.
7. Group 37-Basic metals. It is assumed here that
there are no such industries in the Cipinang catch­
ment area; this group constitutes only 12 industries 
in JABOTABEK and 10 of them are in Jakarta.
8. Group 38-Metal Works. The metal works industry
major group contains 10 subsectors that are identi­
fied as toxic/hazardous waste producers, more than 
any other group, including chemicals. The indus­
tries include metal housewares, pipe making, automo­
tive engines and parts, machinery and equipment, 
electrical and electronics, automotive assembly, and 
bicycle and galvanizing. In the Cipinang catchment 
area, the metal, transport, mechanical and electri­
cal industries are in this group. They represent
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about 99 industries from 32 0 industries in Jakarta 
and 12 from 65 in Bogor.
9. Group 39-Other Manufacturing. These industries 
include jewelry and precious stones, imitation 
metals, musical instruments, sporting goods, toys, 
stationery, and all other industries not elsewhere 
classified. In Cipinang-Sunter catchment area there 
are about 64 industries in the "other" category. 
However, it is difficult to enter the 64 industries 
into this category because:
a. There are 4 3 total industries in these cate­
gories from Dames and Moore study in 1989, and 
in the Cipinang catchment area there are 64 
industries.
b. Other categories in the Cipinang-Sunter catch­
ment area are not described as being in this 
group. Therefore, for this study I will not 
account for this group in the total amount of 
hazardous wastes.
From above data and looking at Dames and Moore 1989 
data (Dames and Moore, 1989), the hazardous wastes in the 
Cipinang-Sunter catchment area will be calculated. The 
results of these calculation are listed in table 8.
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Table 8. Waste Generation by Industrial Sector in the 
Cipinang-Sunter catchment area.
Industrial groupWaste Management 








































HEALTH EFFECTS AND RISK ASSESSMENT 
Toxicoloaical Effects
Several potential hazardous contaminants were 
selected from those discussed in Chapter 3 for the risk 
assessment. Selection was based on availability of and 
confidence in the data and availability of health 
assessment information.
Nitrite. In August 1989, the concentration of 
nitrite in the drinking water was 1.098 mg/1; the 
Indonesian drinking water standard is 1.0 mg/1. The 
nitrite ion converts hemoglobin to methemoglobin by 
oxidizing the ferrous ion to ferric (Lee, 1970, from 
Calabrese, 1978).
The mechanism of the reaction between hemoglobin and 
nitrite is still not under stood. Under strictly 
anaerobic conditions, 1 mole of nitrite yields 1 mole 
ferric heme and 1 mole of the ferroheme-NO complex. Under 
physiologic conditions and in the presence of an excess of 
nitrite complete conversion to methemoglobine occurs, but 
the heme oxygen is largely consumed. After a lag phase, 
the reaction proceeds with a pronounced autocatalytic 
phase that is not observed when nitrite reacts with 
deoxyhemoglobine (e.g., Smith and Olson, 1973). Nitrite is 
also included among those anions that can form a complex
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with ferric heme groups. Thus, excess nitrite first 
generates methemoglobin then form a nitrite-methemoglobin 
(Doull 1980).
Nitrite and certain amines can react in the acidic 
environment of the stomach to form nitrosamines, many of 
which have been shown to be potent carcinogens (Lu, 1985). 
Nitrites are usually present only in trace amounts in most 
natural fresh water systems because they are rapidly oxi­
dized to nitrates (Rand and Petrocelli, 1985). Nitrite 
are also formed from nitrate or ammonium ions by certain 
microorganisms in soil, water, sewage, and the alimentary 
tracts (Doull 1980). Thus, in addition to the nitrite 
concentration in the drinking water, average nitrate con­
centration is about 2.46 mg/1 and ammonium concentration 
is 1.17 mg/1. This should be a warning against accumula­
tions of nitrite concentration is below the drinking water 
standard. In addition, fertilizer, sewage, livestock and 
poultry production all produce nitrogenous wastes. In the 
Cipinang and Sunter rivers, the 45 food and meat indus­
tries are suspect as sources of nitrogenous wastes. Chem­
ical, wood, metal, and plastic also may discharge nitro­
genous wastes. Nitrogenous wastes are not in the hazardous 
waste category, but they are conventional wastes that can 
greatly affect humans, especially babies.
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Phenol. Over half of the industries discharge 
phenol into the Cipinang and Sunter rivers. Another 
source of phenol contamination is household wastes.
Phenol in solution or mixed with slaked lime is a general 
disinfectant for toilets, stables, cesspools, floors, 
drains, and other such items (EPA, 1990). In Cipinang 
river it was reported by JICA (199 0) that sources of 
phenol pollutants were industrial, 23%; sewage, 14%; sul- 
lage, 33%; and solid wastes (garbage), 30%. These sub­
stances could make the river become polluted by phenol.
In the U.S. phenol was found in 3 of 8 6 samples of run-off 
from 2 of 15 cities at 3-10 ppb in July 1982 (EPA, 1990). 
In the JABOTABEK area rivers used for drinking water that 
contain phenol are Curug (0.05 mg/1), Kr. Barat (0.06 
mg/1), Cibeet (0.27 mg/1), Cikarang (0.13 mg/1); intake 
water for the Pejompongan drinking water treatment 
plant/Ciliwung river (0.093 mg/1), Pulogadung's intake 
water/Sunter river (0.14 mg/1), Muara Karang's intake 
water (0.075 mg/1), and Bekasi river (0.083 mg/1). Other 
rivers used for drinking water also contain phenol concen­
trations above the standard, 0.05 mg/1 (PPPPL-DKI and PAM- 
DKI,1989). The EPA standard is 0.3 mg/1. A concentration 
of about 5,000 ppm for one short-time duration exposure 
will cause human death. A 5 ppm concentration for 6 weeks 
will cause diarrhea and mouth sores. Signs of gastroin-
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testinal irritation, including mouth sores and diarrhea, 
have been reported in humans exposed to drinking water 
containing from 5 to 126 ppm phenol (Baker et al., 1978, 
from EPA & U.S. Public Health, 199 0) . One source of 
phenol was a rail accident that spilled 38,000 liters of 
100% phenol on the soil and contaminated several local 
wells. Phenol intake in several families that drew 
drinking water from nearby wells was estimated to have 
been 10 to 240 mg/person/day/several weeks. Phenol is one 
of the chemical compounds that could be cocarcinogenic 
(agents that increase the overall carcinogenic process 
caused by genotoxic carcinogen when administered together 
with the carcinogen). Phenols also produce Heinz bodies 
(Brown et. al 1969, in Doull 1980).
Rand et al. (1985) tested a mixture of three pollu­
tants, ammonia, zinc, and phenol and observed that the 
toxicity of the mixture was greater than the sum of the 
toxicity of each pollutant. Water from the Pulogadung 
treatment plant contains those three chemicals, and even 
though ammonia and zinc are within acceptable levels the 
three in combination could exceed the safe standard.. The 
EPA in 1990, in its Health Effect Summary, stated that the 
effect of phenol through oral exposure during organo­
genesis is reduced fetal body weight.
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Zinc. Zinc is an essential food element in trace
amounts. Not enough zinc in the diet leads to poor health
and a lowered immune response; too much can be harmful.
Small amounts of zinc compounds are present in foods and
as a natural mineral in many drinking waters. Average 
zinc intake through the diet in the United States ranges 
from 7 to 16.3 mg per day. Food contains levels of zinc 
ranging from 6 ppm (e.g., potatoes) to 24 ppm (meats, 
fish, poultry). Higher levels of zinc are found in 
drinking water stored in galvanized metal containers, or 
water that flows through galvanized pipes or that are 
contaminated by zinc from industrial sources and toxic 
waste sites.
Too much zinc causes digestive problems. Stomach 
cramps, nausea, and vomiting have resulted from taking 2 
or 3 capsules (each containing 220 mg zinc sulfate or 50 
mg zinc) each day. Decreased levels of high density lipo­
protein (HDL)-cholesterol in the blood have been reported 
in people taking 150 mg zinc each day in capsules. The 
concern is that decreased HDL-cholesterol levels might be 
related to an increased chance of developing heart 
disease. The U.S. EPA has stated that drinking water 
should not contain more than 5 mg/1. This value is based 
on taste (U.S. EPA and U.S. Public Health, 1989).
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The Health Effect Assessment (U.S. EPA, 1990) 
reports that 2.14 mg/kg/day of zinc taken orally in thera­
peutic dosage will cause anemia.
Lead. Lead affects the hematological, neurological 
and renal systems. Lead exposure may give rise to micro­
cytic anemia, shown by biochemical methods to be caused by 
a combination of inhibition of hemoglobin synthesis and 
shortened life span of circulating erythrocytes.
Lead exposure may have serious effects on the 
central and peripheral nervous system. The classical 
signs and symptoms of lead encephalophathy are ataxia, 
coma, and convulsions. Acute encephalopathy may be fatal. 
Survivors of lead encephalopathy may sustain residual 
brain damage which is manifested by mental and or neuro­
logical impairment. Peripheral neuropathy is seen only 
sporadically nowadays and almost exclusively under condi­
tions of uncontrolled exposure.
In children with short-term but heavy exposure to 
lead, functional and morphological changes occur in proxi­
mal renal tubular cells (Marsden and Wilson, 1955;
Chilsolm and Leahy, 1962, from Nordberg, 1976). The func­
tional effects include the Faconi syndrome manifested by 
aminoaciduria, glucosuria and hyperphosphaturia in the 
presence of hypophosphatemia.
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In gastrointestinal effects, acute lead colic may 
result from massive short exposure to lead, but it may 
also develop quite suddenly in subjects with long-term 
exposure. It is characterized by attacks of crampy, dif­
fuse abdominal pain, generalized muscle aches, and consti­
pation. The other effects are teratogenic and other re­
productive effects, and endocrine effects (Noedberg,
1976). Young children absorb four to five times more lead 
than adults (McCabe, 1979, from Lu, 1985).
Several environmental sources of lead exposure pose 
a risk to young children and fetuses. Many sources not only 
contribute to direct or proximate exposure but also to 
indirect exposure via secondary processes. The pathways 
for human exposure to lead include paint, dust and soil, 
drinking water, air, and food. In JABOTABEK the air is 
contaminated by lead because Indonesian gasoline contains 
tetra ethyl lead. Studies in the United States and else­
where show that drinking water is potentially a signifi­
cant source of human lead exposure. Lead can contaminate 
the water at three points: (1) the water source (rivers,
reservoirs, and ground water); (2) from the distribution
system connecting the water supply to residential 
units, (water mains); and (3) the plumbing in the house 
(lead solder). Actually, contamination rarely occurs in 
water sources from service connection lines and goose
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necks (connectors from main street to house line), and 
little is associated with the distribution system.
The lead concentration on average is about 0.02 mg/1 
below the drinking water standard for Indonesia (the U.S. 
standard is 0.05 mg/1). To know the correct lead concen­
tration in drinking water in JABOTABEK, the Indonesian 
goverment would have to randomly monitor household tap 
water.
A 1981 Boston study (Worth et al., from U.S. Depart­
ment of Health, 1988) found that children exposed to tap 
water with lead levels above the U.S. standard had ele­
vated Pb-B levels, as a group above 3 5 ug/dl. It is esti­
mated children exposed to drinking that exceeds 2 0 ug/1 
are also at risk of some Pb-B elevation (U.S. EPA, 1986, 
from U.S. Department of Health, 1988). The lead concen­
tration in drinking water from the Pulogadung treatment 
plant is 0.01 mg/1, not enough to trigger Pb-B elevations. 
However, because the Pulogadung data was collected for 
only one day in each of two months, there is no certainty 
that the 0.01 mg/1 reading applies for longer periods. In 
another study (Sugeng, 1989), it was found that lead con­
centrations were 0.05 mg/1 to 0.09 mg/1, but not all the 
time. Those readings occurred only at the hours of 10:00 
AM, 11:00 AM, 03:00 AM, 04:00 AM, 05:00 AM, 06:00 AM and
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at 7:00 PM, 8:00 PM, and 9:00 PM. If people drank water 
at those times every day, their levels of Pb-B would be 
elevated, creating risk.
The U.S. EPA (1990) lists no reference dose for 
lead, but there are data that methyltriethyl exposure 
orally of about 0.00017 mg/kg/day by gavage for 20 weeks 
will cause liver and neuronal damage.
Blood lead levels of 10 to 15 ug/dl, and possibly 
lower constitute a level of concern for early development 
and later neurobehavioral performance as reflected in 
deficits on the Bayley Mental Development Index. The 
World Health Organization (WHO, 198 6), in its draft report 
on air quality guidelines, identified 2 0ug/dl as the Pb-B 
level of concern (U.S. Public Health Service, 1988).
Copper. Even though copper concentration in the 
Pulogadung drinking water (0.02 mg/1) is below the Indone­
sian and U.S. drinking water standard (1.0 mg/1), copper 
is one of the heavy metals contributing to adverse health, 
effects. The normal serum level of copper is 120 to 145 
ug/1. While there is no increase in copper tissue 
stored with age, serum copper levels do increase 
(Schroeder et al., 1966 , from Doull, 1980).
Copper is one of the listed substances that passes 
through the placenta and has shown teratogenic effects. 
Copper in Wilson's disease (Stein et al., 1954, from
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Calabrese, 1978), has also produced the Faconi syndrome.
A series of reports by Kanabrocki et al. (1964,
1965) and Miller et al. (1976) ha indicated a positive 
relationship between serum and urine copper levels and the 
occurrence of myocardial infarction. Research by Harman 
(1963, 1968) not only substantiated the research of 
Kanabrocki et al. (19 68) but has also shown soft water to
have significantly higher levels of Cu than hard water 
(Marisoni, 1969). Since soft water may corrode copper 
pipes, it may be expected that the replacement of galvan­
ized pipes containing cadmium with copper piping may not 
offer the hoped-for cardiovascular benefits (Calabrese, 
1978). The U.S. EPA Health Effects Assessment (1990) 
shows that a 5.3 mg/1 single dose will cause local GI 
(gastrointestinal) irritation.
Risk Assessment
The risk assessments in this study are limited to 
nitrates, zinc, phenol, and copper. Lead reference dose 
is not available; usually the study of lead effects on 
humans is done by biological monitoring, where the 
measurement of the concentration of lead is in a bio­
logical sample, e.g., blood, from exposed person. This 
study will compare the lead intake from drinking water 
with Pb-B levels (WHO, 1977 in the U.S. EPA, 1980).
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The risk assessment calculations (discussed on pages 
33-35) follow.
Nitrite
The average concentration of nitrite is 0.713 mg/1.
Adult;
3 0 year intake (mg/kg-day):
0.713 mq/1 x 2L x 300 davs/vear x 30
60 kg x 3 00 days
= 0.713 mg/kg-day
8 year intake (mg/kg-day):
0.713 mg/1 x 2L/davs x 300 davs/vear x 8








mg/1 = RfD fmcr/kg-dav) x 60 kg 
2 liter/day
1 mg/1 x 21/dav = RfD = 0.03 3 mg/kg-day 
60 kg
Hazard Quotient (HQ);
3 0 year intake: HQ = CDI (concentration daily
intake/RfD = 0.713 mq/kq-dav = 2 14 0.333 mg/kg-day
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HQ (8 years) =  0.190 mq/kq-day = 0.57
0.333 mg/kg-day
Child:
58 year intake (mg/kg-day):
0.713 mq/1 x lL/dav x 300 dav/vears x 58 years
10 kg x 3 00 days
= 4.14 mg/kg-day 
3 0 year intake (mg/kg-day):
0.713 mg/1 x lL/dav x 300 davs/vears x 30 years
10 kg x 300 days
= 2.14 mg/kg-day 
8 year intake (mg/kg-day):
0.713 mcf/1 x lL/dav x 3 00 davs/vears x 8 years
10 kg x 3 00 days
= 0.57 mg/kg-day 
Child RfD:
lmq/1 x 11/dav = RfD = 0.1 mg/kg-day 
10 kg
HQ for 58 year intake = 4.14 mg/kg-dav _ 41#4
0.1 mg/kg-day
HQ for 3 0 year intake = 2.14 mq/kq-dav = 21 4
0.1 mg/kg-day





3 0 year intake (mg/kg-day):
0.135 mq/1 x 21 x 300 davs/vear x 30 year
60 kg x 3 00 days
= 0.135 mg/kg-day 
8 year intake (mg/kg-day) =
0.135-mg/l x 2L x 300 davs/vear x 30 year
60 kg x 3 00 days
= 0.036 mg/kg-day 
Adult RfD:
RfD = NOAEL = 60 mq/kq-dav
UF x MF 100 x 1
= 0.6 mg/kg-day
HQ for 3 0 year intake = 0.13 5 mg/kg-dav _ q .2 3
0.6 mg/kg-day
HQ for 8 year intake =0.03 6 mg/kg-dav _ q .060.6 mg/kg-day
Children:
58 year intake (mg/kg-day):
0.135 mg/kg-dav x lL/dav x 300davs/vear x 58
10 kg x 3 00 days
= 0.78 3 mg/kg-day
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3 0 year intake (mg/kg-day):
0.135 mq/kq-dav x 1L x 300 davs/vear x 30
10 kg x 3 00 days
= 0.405 mg/kg-day
8 year intake (mg/kg-day):
0.135 mg/kg-dav x 1L x 3 00davs/vear x 8
10 kg x 3 00 days
= 0.108 mg/kg-day
RfD:
The Health Effect Summary (U.S. EPA, 1990), indi­
cates that intake of phenol will reduce fetal body weight, 
so that the RfD in this case is not available for 
children. Instead, the level of phenol in drinking water 
that will cause diarrhea and mouth sores will be used: 5
mg/1 in 6 weeks exposure (U.S. Public Health Service,
1989) .
The intake from the drinking water for 6 weeks will
be:
5 mg/1 x 1L x 42 davs = 0.5 mg/kg-day 
10 kg x 42 days
0.5 mg/kg-day is a LOAEL (lowest observed adverse effect
level) and the RfD is
NOAEL_
UF x MF
where the uncertainty factor (UF) is 100 because this data 
is from a human study. The 10-fold factor is used only
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when deriving an RfD from LOAEL to NOAEL, a case that 
occurs in less than a lifetime, so the fold factor will be
10. MF is 1 (Barnes and Doursan, 1988).
The RfD for diarrhea is
0.5 mq/ka-dav = 0.005 mg/kg-day 
100 x 1
HQ for 58 years = 0.783 mq/ka-dav _ ̂ .56.6
0.005 mg/kg-day
HQ for 3 0 years = 0.4 05 mq/ka-dav = 87
0.005 mg/kg-day
HQ for 8 years = 0.108 mg/kg-dav _ 2 1 . 6
0.005 mg/kg-day
If we also want to determine the hazard index for
diarrhea and mouth sores for adults, we can make calcula­
tion as follows:
The water intake for 42 days =
5-JSaZ!— x 2L x 42 days = 0-166 mg/kg-day 60 kg x 42 day
Adult RfD = 0.00166 mg/kg-day
The HQ for 3 0 year intake = 0.13 5 ma/kg-dav = 3 1 . 3 3
0.00166 mg/kg-day





30 year intake (mg/kg-day):
0,02 mq/1 x 2L x 300 davs/vear x 30
60 kg x 300 days/year
= 0.02 mg/kg-day
8 year intake (mg/kg-day):
0.02 mq/1 x 2L x 300 davs/vear x 8
60 kg x 3 00 days/year
8 year intake = 0.005 mg/kg-day
RfD:
1.3 mq/1 x 2L/dav = 0.043 mg/kg-day
60 kg
The HQ for 3 0 year intake = 0.02 mg/kg-dav
0.043 mg/kg-day
= 0.465




58 year intake (mg/kg-day):
0.02 mg/1 x 1L x 3 00 davs/vear x 58 years
10 kg x 3 00 days
= 0.116 mg/kg-day
30 year intake (mg/kg-day):
0.02 mg/1 x 1L x 300 davs/vear x 30vears
10 kg x 300 days
= 0.06 mg/kg-day
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8 year intake (mg/kg-day) :
0.02 mq/1 x 1L x 300davs x 8vears 
10kg x 3 00 days
= 0.016 mg/kg-day
RfD
1.3 mg/L x lL/dav = 0.13 mg/kg-day 
10 kg
HQ for 58 year intake = 0.116 mg/kg-dav _ q .89
0.13 mg/kg-day
HQ for 3 0 year intake = 0.06 mg/kg-dav _ q .4 60.13 mg/kg-day




3 0 year intake (mg/kg-day)
0.19 mq/1 x 2L x 300 davs/vear x 30 years
60 kg x 3 00 days
= 0.19 mg/kg-day
8 year intake (mg/kg-day)
0.19 mg/1 x 2L x 300 davs/vear x 8vears
60kg x 300 days
= 0.05 mg/kg-day
Adult RfD :2.14 mq/kg/dav = 0.214 mg/kg-day 
10 x 1
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HQ for 3 0 year intake = 0.19 mg/kg-dav _ q .8870.214 mg/kg-day
HQ for 8 year intake = 0.05 mg/kg-dav _ q.23
0.214 mg/kg-day
Child
58 year intake (mg/kg-day):
0.19 mq/1 x 1L x 300 davs/vear x 58vears
10 kg x 300 days
= 1 , 2 0 2 mg/kg-days
3 0 year intake (mg/kg-day):
0.19 ma/1 x 1L x 300 davs/vear x 30 years
10 kg x 3 00 days
= 0.152 mg/kg-days 
RfD for children = 0.214 mg/kg-day
HQ for 58 year intake = 1.102 mg/kg-dav _ 5 , 1 5
0.214 mg/kg-day
HQ for 30 year intake = 0.57 mg/kg-dav _ 2 . 6 6
0.214 mg/kg-day




3 0 year intake (mg/kg-day):
0.01 mo/1 x 2L x 300davs/vears x 30vears 




8 year intake (mg/kg-day) :
0.01 mq/1 x 2L x 300 davs/vears x 8 years =
60 kg x 3 00 days
= 0.003 mg/kg-day
= 18 0 ug/day
The Johanes Sugeng study (1989) showed an average 
reading of 0.07 mg/1 at the hours of 10:00 AM, 11:00 AM, 
3:00 AM, 4:00 AM, 5:00 AM, 6:00 AM and at 7:00 PM, 8:00 PM 
and 9:00 PM. Calculations of lead intake will be based on 
the 0.07 mg/1 reading.
0.07 mg/1 x 2L x 300 davs/vear x 30 years
60 kg x 3 00 days
= 0.07 mg/kg-day
= 4200 ug/day
8 year intake (mg/kg-day):
0.07 mq/1 x 2L x 300 davs/vears x 8 years
60 kg x 3 00 days
= 0.019 mg/kg-day
= 114 0 ug/day
Thus the PbB levels of those intakes are:
- for Lead 0.01 mg/1 in the drinking water:
the PbB levels for 3 0 years intake:
= 600 ucf/dav x 17.5 _ *
259 ug/day " 41
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the PbB levels for 8 years intake
= 180 ucr/dav x 17.5 _
259 ug/day
- for lead 0.07 mg/1 in the drinking water:
The PbB levels for 3 0 years intake
=4200 ug/dav x 17.5 _ 284
2 59 ug/day
The PbB levels for 8 years intake
= 1140 ua/dav x 17.5 _ 77
259 ug/day
Child
For 0.01 mg/1 lead in drinking water:
58 year intake (mg/kg-day):
0.01 mg/1 x 1L x 300 davs/vear x 58 years
10 kg x 3 00 days/year
= 0.058 mg/kg-day
= 58 0 ug/day
3 0 year intake (mg/kg-day):
0.01 ma/1 x 1L x 3 00 davs/vear x 30 years
10 kg x 3 00 days/year
= 0.03 mg/kg-day
= 3 00 ug/day
8 year intake (mg/kg-day):
0.01 mcr/1 x 1L x 3 00 davs/vear x 8 years




For 0.07 mg/1 lead in drinking water:
58 year intake (mg/kg-day):
0.07 mq/1 x 1L x 300 davs/vear x 58 years
10 kg x 3 00 days/year
= 0.4 06 mg/kg-day
= 4060 ug/day
3 0 year intake (mg/kg-day):
0.07 mq/1 x 1L x 300 davs/vear x 30 years
10 kg x 3 00 days/year
= 0.21 mg/kg-day
= 2100 ug/day
8 year intake (mg/kg-day):
0.07 mg/1 x 1L x 3 00 days/year x 8 years
10 kg x 300 days/year
= 0.056 mg/kg-day
= 560 ug/day
The PbB level for 0.01 mg/1 lead in drinking water: 
For 58 year intake the PbB levels is = 39
For 3 0 year intake the PbB levels is = 20
For 8 year intake the PbB levels is = 5
For 0.07 mg/1 lead in drinking water:
For 58 year intake the PbB levels is = 274
For 3 0 year intake the PbB levels is = 142
For 8 year intake the PbB levels is = 3 8
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Copper 0. 02 0.005 0.116 0.06 0.016
Nitrite 0.713 0.190 4.14 2.14 0. 57
Phenol 0.135 0. 036 0.783 0. 405 0. 108
Zinc 0.19 0.05 1.102 0.57 0. 152
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Copper 0.465 0.116 0.89 0.460 0.120
Nitrite 2.140 0. 570 41.400 21.400 5.700
Phenol a 0.230 0. 060
Phenol b 81.320 21.690 56.600 87.000 21.600
Zinc 0.887 0.230 5. 150 2 . 660 0.710
Total 85.042 22.666 204.04 111.52 28.130
Note: Phenol a: reduced fetal body weight 
Phenol b: diarrhea, mouth sores
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Table 11. Comparison of Daily Oral Lead Intake With PbB 
Levels




For 3 0 years 0. 01 600 41
For 8 years 0. 01 180 12
For 3 0 years 0. 07 4,200 284
For 8 years 0. 07 1,140 77
Child:
For 58 years 0. 01 580 39
For 3 0 years 0. 01 300 20
For 8 years 0. 01 80 5
For 58 years 0. 07 4,060 274
For 3 0 years 0. 07 2,100 142
For 8 years 0. 07 560 38
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The hazard index data for each period of time for 
the consumer of drinking water from Pulogadung are larger 
than one? thus the HQ of each contaminant should be 
examined, and if any of them have a same effect, I can 
aggregate the HQ to find the Hazard Index (HI).
Copper and phenol have a gastrointestinal (GI) 
effect, so for these two hazard indices we can total the 
hazard indices. The total hazard index for an adult for 
30 years intake is 81.79 and for 8 years intake is 21.81. 
The total hazard index for children for 58 years intake is 
157.5, for 3 0 years intake is 87.46, and for 8 years 
intake is 21.7. All of those HI that affect GI are larger 
than 1, which means that there is a risk for the drinking 
water consumer to have GI problem.
Other contaminants in the Pulogadung drinking water, 
iron (0.555 mg/1) and manganese (0.39 mg/1) are above the 
Indonesian drinking water standard, (0.3 mg/1) for iron 
and (0.1 mg/1) for manganese. These contaminants, which 
can affect the gastrointestinal system, could be the cause 
of three of the 10 most common illnesses that are reported 
in "Puskemas" (Public Health Service) in Jakarta espe­
cially in East, Central and North Jakarta where the water 
comes from the Pulogadung treatment plant. These ill­
nesses are diarrhea, stomach ulcers and other infections 
of the GI tract. In North Jakarta diarrhea affects 43,112
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persons, 3.4% of the population; in East Jakarta, 37,111 
persons, 1.7 3% of the population; in Central Jakarta,
3,784 persons, 0.25% of the population. Stomach ulcers 
are the fifth most prevalent illness in Jakarta. In North 
Jakarta the disease affects 17,097 persons, 1.3 5% of the 
population. Other infections of the GI tract compare the 
eighth most prevalent illness in Jakarta. In North 
Jakarta, GI tract infections affect 11,596 persons, 0.9% 
of the population; in East Jakarta, 12,131 persons, 0.57% 
of the population; in Central Jakarta, 1,343 persons,
0.09% of the population (BKLH-DKI, 1988).
Another source as quoted in JICA (1990) reports that 
the average annual number of patients with diarrhea from 
1984 to 1988 was about 177,506 of recorded incidence of 
water-borne disease in Jakarta. Other water-borne diseases 
include dysentery (15,131), mycosis (8,425), nematoda 
worms (7,169), typhoid (2,200), cholera (2,146), para­
typhoid (813), and tape worms (729).
Collection techniques for these statistics 
varies so that they may have significant uncertainties and 
may be underestimated. Not reported are home treatments 
using traditional remedies or medicines from the 
dispensary. This applies particularly to the poorer areas 
that might be expected to suffer the highest morbidity.
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The statistics indicate in general terms, however, that 
water-borne diseases are prevalent in the city. There have 
been no epidemics in recent years but there have been 
fluctuations in occurrence. Diarrhea is by far the most 
prevalent, with four times more cases than the sum of all 
other diseases listed; moreover, diarrhea is a symptom, 
not a disease, and most patients shown probably had one or 
more of the other listed diseases (not diagnosed, perhaps 
because fecal samples were not examined). So in this case 
several drinking water contaminants^ could be the cause of 
the diarrhea.
From the hazard index, nitrite is the second contam­
inant that will have risk. For the children it seem there 
could be occurrences now of methemoglobinemia. Many con­
sider levels of 1 to 2 percent MetHb (Gruener and Shuval, 
1970; Bodansky, 1951; Committee on Nitrate Accumulation, 
1972, from Calabrese 1978) as normal in the blood of 
adults.
At levels of 5 to 10 percent MetHb in the blood, 
clinical symptoms such as cyanosis may appear. Death 
results at levels of 50% to 70%, and several factors which 
influence the formation of MetHb include genetic effects, 
developmental effects, lack of gastric acidity, and 
dietary factors (Calabrese, 1978). It seems evident that
T-4009 82
the highest risk is for GI diseases. The second highest 
risk is from nitrates, especially for children.
Although this is not a biological study of lead 
effects, by comparing daily intake and PbB levels (see 
Table 11), we find PbB levels are > 5 ug/dl for each of 
the lead concentrations. By using the EPA calculation on 
the relationship between ingested lead and Pb-B (Pb-B =
0.16.xug Pb/day) (Department Health and Services 1988), 
the lowest PbB level is 12.8 ug/dl. This level will have
1. Neurological Effects: deficits in neurobehavioral 
development (Bayley and McCarthy Scales) and 
electrophysiological changes;
2. Heme Synthesis Effects and ALA-D inhibition;
3. Other effects such as reduced gestational age and 
weight at birth and reduced size up to age 7-8 years 
(U.S. EPA 1986a, from Department of Public Health 
Service 1988).
For the children who intake lead at a concentration 
equals 0.07 mg/1, the lowest Pb-B is 38 ug/dl. If this 
is compared to the level of Pb-B that lowers IQs and slows 
reaction time (25 ug/dl) (U.S. EPA, 198 6a, from Department 
of Public Health Service, 1988), we find those children 
who consume the drinking water will ingest an amount suf­
ficient to lower IQ. These contaminants could affect 
future generations. The risk will be even greater if
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other sources of pollutants are considered, such as air 
pollution from industrial emissions, and food pollution 




COSTS AND BENEFIT 
The Economic Value of the Environmental Impact 
In this study, the economic value of the 
industrial pollution causing environmental impacts is 
limited to the health impact, the clean up, and the 
operational cost of the drinking water treatment plant.
Health Impact Benefits. Health impact benefits are 
based on a gastrointestinal tract disease, diarrhea and 
assumes that pollutants in the drinking water from the 
Pulogadung plant are the cause of the illness. In North 
and East Jakarta, 200 to 300 persons out of every 100,000 
are hospitalized for more than a week each year from diar­
rhea (BKLH-DKI, 1988).
Hospital medical costs are based on average costs as 
calculated by Nashua Insurance Company in Indonesia. For 
this calculation it is assumed that patients stay in the 
hospital for an average of 30 days. Hospital expenses per 
patient in rupiah (RP) for 30 days are as follows:
Room and board (Rp 60,000/day) Rp 1,800,000
In-hospital physician (Rp 23,833/day) 714,990
Hospital supplies 808,333
Specialist consultations
(10 visits at Rp 73,083/visit) 730.830
Subtotal per patient Rp 4,054,153
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Total for 848 patients Rp 343,821,744
Converted to U.S. Dollars
(1 U.S. $ = Rp 1,825) $1,700,000
Outpatient expenses:
It is estimated that 32 of every 1,000 people in 
Indonesia receive treatment for diarrhea at a public 
health clinic each year (BKLH-DKI, 1989). Thus the 
population which get diarrhea from drinking water is: 
339,000/ 32. x 4 = 43,392 people/year.
JICA (1990) reported that diarrhea is the most 
prevalent water borne disease. For this calculation it is 
assumed that diarrhea occurs 4 times/year, based on the 
assumption typhoid only occurs one/year (JICA, 1990). It 
is also assumed that the patient will see a physician 
twice for each hour of diarrhea.
Consultation (for one visit only) Rp 14,916
Medicines per year 343,333
Consultation + medical
(for one visit only) 29,833
Specialist's fee (2 visit/day) 44,750
Diagnostic test per visit 257,083
Health clinic costs, based on Nashua averages, for the 
four visits a year, per patient, are as follows:
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Consultation fee
= 4 x 2 x Rp 14,916 Rp 0.12 million
Medicines per year 0.34 million
Consultation + medical 





Total expenses for 1 person/year Rp 1.32 million 
The total expense for outpatients who are drinking water 
consumers is: 43,392 X 1.32 million rupiah = 57,277
million rupiah = $ 3.2 million ($1= Rp 1,825)
Total health benefit = $ 1.7 million + $ 3.2 million
Clean u p  Benefits. The clean up benefits value is 
limited only to a part of RI/FS cost and treatment cost as 
explained below:
Treatment cost. The calculation of treatment cost 
is based on the quantity of wastes and their treatment 
(see Table 8), 10 years (since 1980), 36.08% amount of 
wastes that should be cleaned up, and the treatment and 
transportation cost (Dames and Moore, 1989).
Treatment costs:
Incinerators
= $ 4.9 million.
10 x 19,299 x 36.08% x $ 155 $10,800,000
Landfill
10 x 634 x 36.08% x $ 65 150,000
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Stabilization
10 X  80,251 X  36.08 % X  $ 55 15,930,000
Physical-chemical treatment
10 X  1,687 X  36.08% X  $ 65 400,000
Total $27,280,000
Drinking Water Treatment Benefits. Operational and
maintenance costs for the drinking water treatment plant










Average cost per month
Monthly cost in U.S. dollars 
($1 = Rp 1,825)
Annual cost in U.S. dollars
The Net Present Values (NPVl
The NPV calculations are based on time (10 years), 














The Benefits Calculation. The benefits calculation 
is based on the benefits values. Benefits calculation for 
each year are as follows:
1. The health benefit calculation assumes that costs 
will increase 5% per year, the same percentage as 
for waste.
Time zero (to) = $4.9 million/
2. The treatment benefit calculation assumes a 5% 
annual increase in costs, again the same as for 
wastes.
Thus for to = $27.28 million.^/ Costs per year 
will be $2.73. (This is because the to is for the 
10 years of wastes generated).
3. The O & M cost for the drinking water for to is 
$3.2 million and will increase 40% per year.
The Costs Calculation. The costs calculation from 
to to tlO is based on the investment and O & M cost 
numbers provided by P.T. Mirazh (1988) in the feasibility 
study for the proposed central treatment facility.
Investment costs for to = $0,085; tl = $0.15; t2 = 
$6.1; t3 = $9.8; t4 = $0.78; t5 = $0.48; t6 = $0.03; t7 = 
$2.82; t8 = $4.03; t9 = $0; tlO = 0.
For O & M costs: to = 0 ; tl = $0.43; t2 = $2.52;
t3 = $3.96; t4 = $4.47; t5 = $4.35; t6 = $4.56; t7 =
$5.15; t8 = $5.02; t9 = $5.26; tlO = $5.51.
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From the above calculation and the NPV results, it 
is apparent that the benefits of having a central 
treatment facility for hazardous wastes in JABOTABEK is 
very large. Thus the alternative of having a central 
treatment facility is the right policy for handling 
hazardous wastes.
There are five other rivers that supply drinking 
water of almost the same quality as the Cipinang and 
Sunter rivers. Thus, we can assume that the benefits will 
be ever larger than the study indicates.
ARTHUR LAKES LIBRARY
COLORADO SCHOOL OF MINES
GOLDEN, CO 80401
T-4009 90
Table 12. Benefits evaluation from to to tlO, 








to 4.9 27.28 Z-P 4.7 36.88
tl 5.15 2.87 6.58 14.60
t2 5.41 3 . 16 9 .21 17. 78
t3 5. 68 3.32 12.89 21, 89
t4 5.96 3.48 18.04 27.20
t5 6.26 3 . 66 25. 26 35. 18
t6 6. 58 3 . 84 35.36 45.78
t7 6.90 4.03 49.50 60.43
t8 7.25 4 . 23 69.30 80.78
t9 7. 61 4 . 45 135.83 148.49
tlO 7.99 4.67 5.22 17.88
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Table 13. Net Present Value Calculation, 18% Interest Rate
(in millions U.S.$)
Time Benefits Costs NPV
to 36.88 0.09 36.79
tl 14.60 0.58 11.88
t2 17.78 8.62 6.58
t3 21.89 17.72 2.54
t4 27 .20 5.25 11. 32
t5 35.18 4.83 13.26
t6 45.78 4.59 13 .26
t7 60.43 10.79 15. 59
t8 80.78 9.05 19. 08
t9 109.08 5.26 23.36
tlO 148.49 5. 57 27 .31
Total NPV with 18% interest rate is = 182.87 million
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Chapter 6 
CONCLUSIONS AND RECOMMENDATIONS 
Industrial hazardous wastes, especially phenol, 
discharged into the rivers will not be greatly reduced 
after the drinking water has been treated and will 
continue to adversely impact human health.
A significant relationship exists between the per­
centage of industrial discharges into the Cipinang and 
Sunter rivers and the level of contaminants that occur in 
the drinking water, except for chromium and cadmium.
The results of the risk assessment determined that 
the highest hazard indexes are for phenol and nitrite.
Even though the hazard index for copper and zinc are both 
less than 1, they pose a possible danger. Copper affects 
the gastrointestinal tract and in combination with phenol 
produces a cumulative gastrointestinal effect. The sum of 
the Hi's of phenol and copper is the highest HI, and these 
contaminants can cause GI problems, especially diarrhea.
The secondary data backs this calculation; GI problems are 
one of the ten most common illnesses in Jakarta. In this 
study, diarrhea is used as a base for the valuation of the 
health benefit.
The results of the risk assessment are a 
conservative underestimate of the time risks and human and 
economic damage because chronic lead poisoning is not
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used. From the calculation of the daily intake of lead in 
two concentrations (0.01 mg/1) and (0.07mg/l) in the 
drinking water and their relationship to the PbB levels, 
it is seen that:
a. The lowest PbB level is 5 ug/dl in a child, but 
if the U.S. EPA 1986a equation for the relation­
ship between lead intake and Pb-B level is used, 
the lowest Pb-B which will result in deficits in 
neurobehavioral development in children is 12.8 
ug/dl.
b. The Pb-B level in an intake concentration of
0.07 mg/1 of lead in the drinking water shows
that Pb-B levels are very high, and the lowest
Pb-B level is 38 ug/dl for the 8 years intake of 
lead in this concentration.
In the cost-benefit analysis evaluation for the 
central treatment of hazardous waste in this study, it was 
shown that the NPV at an 18% of interest rate is $182.97 
million. The NPV rate is negative at t3, because at that
time the physical construction of the incinerator will
have occurred. Cost-benefit findings indicate that build­
ing a central treatment plant for hazardous wastes is the 
option of choice.
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This study is a limited one, and the Indonesian 
goverment would be well advised to make a complete cost- 
benefit analysis study based on the following:
1. The use of data, for example, industrial dis­
charge monitoring data and input-output modeling 
in the river, and drinking water monitoring data 
including 24-hour data for each season. Also, 
analysis of tap water samples, interviews with 
householders about illnesses, and analyses of 
blood samples for contaminants, especially lead.
2. The inclusion of other benefits, such as 
tourism, fisheries, and agriculture.
3. The implementation of a complete cost analysis, 
including the mental health costs to the popula­
tion fearing that the treatment facility will 
adversely affect their health and lower their 
property values.
4. Using the monitoring systems for the ground 
water, surface water, and air, and making a 
bioassays analysis and cancer and other diseases 
that are expected to be caused by these central 
treatment plant contaminants.
The data collected in the cost-benefit analysis 
could be the baseline for the impact studies. The 
protected technology to reduce the wastes released should
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be used, and there should be regulations and safety pro­
grams to control this project.
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Waste Generation by Industrial Sector 
(source: Dames & Moore 1989)
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Biro Kependudukan dan Lingkungan Hidup- 
Daerah Khusus Ibukota Jakarta (Bureau 










Japan International Cooperation Agency
Jakarta Industrial Estate Pulogadung
A region that contains the Daerah 
Khusus Ibukota (a special capital 
region) of Jakarta, the City of Bogor, 
and the Kabupaten districts) of Bogor, 
Bekasi and Tangorang.
Lowest Observed Adverse Effect Level
Methemoglobinemia
Modifying Factors
No Observed Adverse Effect Level
Net Present Value
Perusahaan Air Minum (Provincial 
Drinking Water Company)
Pusat Penelitian Perkotaan dan 
Lingkungan Hidup (Center of the Urban 
and Pollution Control Research of a 
Special Capital Region)
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PbB Blood Lead Levels
PUSKESMAS Pusat Keshatan Masyarakat (Public
Health Service)






TSD The treatment, storage and disposal
U.S. EPA United State Environmental Protection
Agency
UF Uncertainty factors
WHO World Health Organization
